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1. Introduction

The focus of this paper is upon the learning situation
and upon the use of the computer to provide course
content instruction in the form of simulations, games,
tutorials, and drill and practice. In the United States this
has come to be known as computer.assisted instruction

- (CAl), and in the United Kingdom and elsewhere as

computer assisted learning (CAL). Throughout this pa-
per the term CAl should be considered synonomous with
CAL.

1.1 Types of CAI

There are several types of CAl, representing distinc~
tions which have been neglected in the CAI literature
and in practice. These types are emphasized throughout
this paper. The first relates to CAI which supplements
the learning situation, as opposed to that which substi-
tutes for other modes of instruction. The former will be
referred to as adjunct CAI [35]. It is illustrated by the
short (one-half to one hour) CAl programs available
through vendor libraries which are‘used to support or
illustrate concepts. These concepts are then usually dis-
cussed in the regular classroom.  ° -

In contrast. CAI materials which provide instruction
of a substitute or stand-alone variety are usually of
longer duration and are generally less well-known and
understood in the educational world. These will be re-
ferred to as primary CAL This approach is represented
in the United States by the development of entire credit
courses. In the United Kingdom the Open University is
experimenting with this type of CAI (as well as with the
adjunct type). In many discussions worldwide. primary
CAT is being debated as a part of distance learning—a
term used in many countries to describe efforts to provide
education to large groups over broad distances. Distance
learning typically encompasses many types of educa-
tional technology, including radio, TV, electronic con-
ferencing and mail, and computers, in conjunction with
the more traditional methods such as correspondence
courses [32].
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+ A second distinction refers to the simplicity-com-
plexity level of CAI The author approach. employing
an easy-to-learn programming language as well as min-
imal hardware to support the use of the programs, epit-
omizes the simplistic approach. However, such simplistic
CAI produces limited results; i.c., graphics capabilities,
large-scale calculations, and the like are not components
of such programs. Conversely, complex CAI which per-
mits extensive use of graphics. large-scale calculations,
authoring aids, etc., requires complex author languages
(necessitating extensive time for authors to acquire pro-

- ficiency in use) and large-scale compuunv capability to
support such use.

1.2 Advantages and Disadvantages of CAI

Perhaps the most widely accepted value of CAI is
that it involves the individual actively in the learning
process. It is impossible for the student to be a totally
passive member of the situation, and this very activity
and involvement facilitate learning {41]. Another much
touted value is the ability of the learner to proceed at his
own pace, which has strong implications for both the
slow learner and the gifted person.

Reinforcement of learning in such situations is im-
mediate and systematized, which should result in more
effective learning, according to established theories of
instruction. In addition, the computer in a simulation
mode permits students to explore time and space, to mix
explosive chemicald together in a simulated laboratory
without destroying themselves and the lab, and to inves-
tigate complex problems using instruments and meth-
odology which would be excessively costly or not possible
at all without the computer.

In addition, the use of computers in this manner frees
faculty members or training coordinators to devote more
time to the personal, human considerations of their
students. Time thus spent with students has been found
in a nationwide study of university faculty and students
(18] to be the most important factor, in students’ opinions,
in the development of their creative abilities. Thus the
use of the computer in these modes should result in an
educational environment in which individuals learn
more and in which their potential for innovative and
creative professional work is more fully developed. Sim-
ilarly, there should be a greater acceptance of the com-

puter as a helpful tool after the student has used simu-

lations, games, or tutorials.

A final comment regarding the benefits of CAI relates
to remedial education. The problems of handling reme-
dial training for students have increased, because the
problems of bilingual and disadvantaged students and
the inadequate English and mathematics skills of enter-
ing university students are being recognized. Computer
tutorials, especially in these areas, appear to be both
educationally sound and reasonable in cost, if ap-
proached in an appropriate manner. Similar cases can

~be made for the use of CAI to support continuing
education and in industrial training programs.
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The dnsadvamages of using CAIl in the learmno
process can be divided into three main categories. In
order of importance, these are: (1) the need for teachers
and training directors to move from accepted methods
that work to a new and relatively untried method in
which most individuals have little expertise and which
arouses considerable fear and antipathy owing to its.
heavy technological base; (2) the primitive state of the
art, in which a diversity of computing hardware and CAI-
languages compete with little apparent coordination
from professionals in the educational world; in which the
majority of available CAI course materials are poorly
constructed, largely undocumented, and able to be run
on only select computers for which they were written;
and in which there are relatively few “experts” to whom
CAT users can turn for assistance; and (3) the cost of
hardware, CAl course materials (courseware), and indi-
viduals to help implement the process—especially since
computer vendors initially touted CAl as an ultimate
cost saving device. When used as a substitute or replace-
ment method for learning, CAI can be cost saving;
however, in actuality CAl is used today mainly as a
supplement to enrich learning in the educational scene,
and therefore costs should be considered as add-ons.

13 Early Developments

CAI usage was initiated in the United States in the
late *50s and early *60s. Early work was done at Florida
State University, Dartmouth, and Stanford.

At Florida State, using an IBM 1500 interactive
computer and the newly developed high-level CAI lan-
guage Coursewriter, several entire university level
courses (physics and statistics) were developed and of-
fered for credit. Providing a quite different viewpoint,
but occurring in the same general time frame, the Basic
language was developed and implemented throughout
the campus at Dartmouth. Thus for the first time faculty
and students were provided with a simplified program-
ming language which could be learned in a few days and
which permitted the development of simplistic CAI pro-

. grams.

At Stanford in the mxd-sumes Patnck Suppes and
Richard Atkinson [65} applied CAI methodology in a
different area. Their work represented the first attempt
to increase children’s skill levels in basic English and
mathematics through computerized drill and practice.

1.4 Scope of the Paper
With this brief orientation to CAl the authors will

- first survey current CAI trends and existing centers of

activity. This will be followed by a discussion of those
studies which have attempted to evaluate the use of CAI
in special learning situations. Next, costs will be dis-
cussed, and the critical issues in CAI will be highlighted,
in order to identify courses of action to alleviate some of
these problems. The possible future uses of CAl will then
be briefly outlined. The paper will close with conclusions
and recommengdations.
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The majority of work in CAI appears to be concen-
trated in four major areas: the United States, the United
Kingdom, Canada, and Japan. Although some discus-
sion of CAI throughout the world will follow, the major
thrust will be in 1denufymg activities in these four coun-
tries.

2.1 The United States

Dartmouth University served as one of the prime
sources for adjunct CAI program development for many
years. During the early *70s Dartmiouth, in conjunction
with the Universities of Oregon, North Carolina, Iowa,
and Texas, formed a consortium (CONDUIT) to ac-
quire, evaluate, and distribute quality instructional com-
puting materiuls on a national basis. CONDUIT, sup-
ported by the Mational Science Foundation and the
Fund for the Improvement of Post-Secondary Educa-
tion, is located on the University of JTowa campus, under
the direction of James Johnson. It cunently offers more
than seventy-five computer programs in a variety of
fields to support higher education classes [20}. Some CAI
programs, mostly in Basic or Fortran, are available both
for mini- and larger computers, with a few now available
for microcomputérs.

A similar effort, but em.ompassmg both pre- and
post-secondary education, is ongoing at the Minnesota
Educational Computing Consortium at Lauderdale,
Minnesota, with Kenneth Bmmbough as Director of
Instructional Services. One of the major recent accom-

. plishments of this consortium is an extensive comparison

of the capabilities and costs of microcomputers and their
uses in the educational environment [44]. One result of
their study has been the installation of several hundred
Apple II microcomputers throughout the state of Min-

nesota, with an accompanying growth in the develop-

ment of CAI programs.
Another project emphasrzmg adjunct CAI programs

in Basic that will function on most computers is housed
at California State University, Fresno, under the direc-

tion of Jack Chambers. This project is concerned with

the acquisition, faculty evaluation, restructuring, and ..
- sharing of quality CAI materials. Over 135 programs are

now available in a diversity of fields for both secondary
and higher education. Copies of the library have been
requested and distributed to over 125 educational insti-
tutions worldwide [1]. :

Yet another California project is housed at the Uni-
versuy of California, Irvine, under the direction of Alfred
Bork. This project has been underway for a number of
years and has produced a significant amount of course-
ware of a fairly complex nature supporting instruction in
physics at the higher education level. »

At Stanford CAI work continues under the direction
of Patrick Suppes. Entire CAI courses are now offered
in Russian and mathematics.

The PLATO system, funded by the National Science
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Foundation and housed at the University of Illinois
under the direction of Donald Bitzer, is probably the
most well-known CAI project in the world and therefore
will not be dealt with in any great depth here. This sytem
uses the Tutor language, a much higher level language
than Basic, and requires large-scale computing capabil-
ity, at least for authoring purposes. Despite this, the

system has been extensively used as supplemental to the ~

learning situation. Since the system can produce complex
CAI programs having graphics capabilities (including
animation), voice output, and the like, it is quite possible
that the system will be used even more heavily in the
future in the primary CAI mode.

A second major PLATO installation, emphasizing
support for music education, is located at the University
of Delaware. A third is centered at Florida State Uni-
versity at Tallahassee. At this installation support is
provided to select Florida high schools for PLATO-based
remedial studies in mathematics. Other, smaller PLATO
installations are scattered throughout the United States.

A final project of interest, emphasizing the use of
primary CAl is represented by the TICCIT (Time-
Shared Interactive Computer-Controlled Information

’ ‘Television) project. Funded by the National Science

Foundation through a grant to the MITRE Corporation,
TICCIT was developed at the University of Texas and
Brigham Young University under the direction of Victor
Bunderson. Using minicomputers and modified TV re-
ceivers, the system was designed to provide basic under-
graduate instruction in English and mathematics. It was
initially implemented at Phoenix College (Arizona) and

the Alexandria Commumty College (Virginia). The Eng-

lish portion is still in use at Phoenix [45], and both the
English and mathematics courses are still in use at Al-
exandria [59].

2.2 The United Kingdom . .
Computer assisted learning (CAL), as CAI is known’

*in the United Kingdom, began in the late *60s in scattered -

but important projects hcaded by Peter Smith at Queen -
Mary College, Robert Lewis at Chelsea (both part of the
University of London), and James Howe at the Artificial
Intelligence Laboratory at the University of Edinburgh.
The British government began to be seriously interested
in this type of activity at about this time. This interest
resulted in funded work at Leeds and, in 1972, in a two-

- million-pound, five-year CAI project. With Richard

Hooper as director, the program began in 1973 as the
National Development Program in Computer Assisted
Learning (NDPCAL) [31].

The NDPCAL project was primarily concerned with

‘'stimulating CAI through development of new course-

ware and was essentially based on work already under-
way. Thus Leeds University became the base for projects
in chemxstry and statistics, Queen Mary College for the
engineering sciences project, while the University Col-
lege and Chelsea College, both of the University of
London, combined with the University of Surrey 1o

Communications June 1980
of Volume 23
the ACM - Number 6

‘

- .—. Approved For Release 2007/07/17 : CIA-RDP86B00689R000300040021-1 - - —~ -+ e o o o v e




P
4

)

Al Witon GhaiA I pird F1 L
e e

g Stei i o

ok s

By

Approved For Release 2007/07/17 CIA RDP86BOO689ROOO300040021 1

RS e A A Sl B —

_develop materials in support of undergraduate education

in the sciences. This latter project became known as
Computers in the Undergraduate Science Curriculum
(CUSCQ).

The NDPCAL project was completed in 1978, and
government funding in the United ngdom is currently
at a minor level. However, the project did result in a
number of ongoing centers dedicated to the improvement
of instruction (with emphasis on CAI) at a number of
universities. The authors of this paper visited several of
the United Kingdom campuses in late 1979 and found
CAI activitizs to be flourishing, especially at Chelsea
College, University College, and Queen Mary College of
the Univarsity of London; the University of Surrey; and
the University of Edinburgh. A significant number of
quality CAl programs developed under this project are
now in uss—between 75 and 100 units from all
NDPCAL projects [32]—and exchange programs are
now emerging both within the United Kingdom and
between Linited Kingdom and United States institutions.
A particularly strong exchange program is housed at
Imperial College under the direction of Nicholas Rushby
[57]. In addition, enthusiasm runs high and initial work
appears most promising at a number of other United
Kingdom institutions, especiaily Anthony Hoare and
Frank Pettit’s laboratory at Oxford [56).

In addition to the NDPCAL project, the British Open
University (QU), which opened in 1969 to criticism, is

by most accounts now considered highly successful [47].

The OU is now using the computer in a CAI mode.
Although the authors of this paper visited the main

campus of the Open University, the extent to which CAI .

is now in use in the OU is not totally clear. It is apparent,
however, that current usage is expected to increase both
in the CA[ adjunct and primary modes. -

Another CAl-related activity currently in the re-

search and experimentation stage in the United Kingdom

“is Viewdata. This is a computer-based information and

communications medium under development by the Post
Office. The intent is to provide an interactive nationwide
service to the general public and professional commu-
nity. It will operate via terminals based on TV receivers,
the regular dial-up telephone network, and a set of
interconnecting computers and databases [26].

- 2.3 Other Activity Worldwide

Canada and Japan both have shown strong interests

in CAI and have developed centers of activity. Major .
 Canadian centers include the Ontario Institute for Stud- .

ies in Education, the National Research Council of
Canada, Queen’s University, Concordia University, and
the Universities of Alberta and Calgary [32].

In Japan, experimentation with CAl is in progress at
the university and the secondary school level, as well as
in industry. Research studies in CAI have been con-
ducted by the Nippon Telegraph and Telephone Cor-
poration, the Japanese Society for the Promotion of
Machine Industry, and by scholars at such institutions
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as Osaka University, Hokkaido University of Education,
Aschi University of Education, and others. Research on
CAI at the secondary school level is proceeding under
the auspices of the National Institute for Educational
Research [59].

With the exception of Russia, in which minor CAI
activities have been reported [58], the authors are una-
ware, either through' personal experience or the litera-
ture, of major CAI activities elsewhere in the world
[32]. However, the developing nations, especially India
and those of South America and Africa, faced with
problems of large numbers of persons spread across
thousands of miles, limited funds, and the desire to
provide a reasonable education for everyone, are exper-
imenting with distance education. Although their initial.
attempts are concentrating on radio and TV, they have -
also begun to look to the British Open University as a
model. Thus, as the Open University develops CAI
materials and uses them both successfully and finan-
cially, the widespread use of CAI for distance learning,
particularly of the primary CAI type, can be anticipated
[8, 17, 21, 27, 48].

3. Evaluations of CAl Effectiveness »

- The effectiveness of CAl has been defined differently
by different investigators. To some effectiveness means
the amount of learning that takes place initially. Teo
others it means the degree of retention of learning, or at
the very least, whether or not an individual stays in or
drops out of a learning experience. Still others are con-

- cerned with the learner’s change in attitudé toward the

computer as an instructional medium or simply as a
helpful tool in the culture. Finally, owing to the fact that
CAl is in its infancy, some are simply concerned with
transportability of materials and/or acceptance of the
materials for use by others.

In general, well-designed, tightly controlled evalua-
tive studies of the use of CAT are rare. Some have been -
conducted by this time, however, and trends are becom- -
ing discernible. Several of the more prominent studies
will therefore be reviewed, followed by a summary of the
bulk of the others. o

The CAIl physics course developed at the Florida
State University is in the form of a computer tutorial.
Tentative evaluations indicate that instructional time
was reduced by 17 percent over the traditional lecture
course, and students scored higher on final exams and
attained superior conceptual mastery [37]. v

_The medical school of the University of Southern
California has used computer-controlled modeling to

_teach anesthesiology. A lifelike model exhibits a variety

of human responses, allowing the student to test his
knowledge of anesthesiology. Evaluations using experi-
mental and control groups demonstrated that when the
model was used, fewer trials over a shorter period of
time were required for students to reach an acceptable
level of professional performance [37].
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* Studies of the CAI Russian course at Stanford, using
experimental and control groups, revealed positive re-
sults in terms of student performance on examinations,
student behavior, and student responses fo a question-
naire about the program. Students taking the computer-
based course scored “significantly better on the final
exams. In addition, far fewer students dropped out of the
computer-based course [37].

Probably the most significant uses of the compuler
in simulation, game, or tutorial modes are represenied
by the Chicago City Schools Project (using Suppes and
Atkinson’s materials), the PLATO project, and the
TICCIT project. :

The Chicago City Schools Project was begun in 1971
and is continuing today. It affects over 12,000 fourth
through eighth grade children in the inner city schools,
with 850 terminals providing tutorial lessons in mathe-
matics and reading. Originally designed to improve skills
in these areas, the project has had significant results. As
an example, the average increase in reading ability in the
schools was 5.4 months per pupil for each 10 months of
regular classroom instruction, Using the computer tuto-
rial approach, the average rose to 9.0 months improve-
ment for 8 months of instruction [55]. This program is
now being formally evaluated by the Educational Testing
Service under a grant from the National Institute of
Education [04].

Both PLLATO and TICCIT have recently been eval-
uated in a controlled, systematic manner by the Educa-
tional Testing Service [2, 46]. Donald Alderman of ETS
commented in regard to the outcome of these evaluations
as follows:

The PLATO evaluation covered five fields: accouming, biotogy,

chemistry, English, and mathematics. Computer uses in these fields
represented. supplemental or replacement instruction for regular class-
room work—in no cases were these PLATO programs in lieu of entire
courses.

“The PLATO materials were used and evaluated at five community
colleges: four were a part of the City Colleges of Chicago, the fifth ‘was
in Urbana, Hlinois.

- On the positive side, a large number of students and faculty
became involved in the use of these materials, and students’ attitudes
toward PLATO-1ype materials did improve. Additionally, a significant
positive achievement effect was found for PLATO vs. traditional
classroom procedures in the area of mathematics. No further significant
achievement effects were found for any other subjects, either in favor
of PLATO or in favor of the regular classroom.’

The TICCIT evaluation concerned both of the mathematics
and English cousses in use at Phoenix College and the Alexandria
(VA) Community College. These two applications represented entire
courses, although the English TICCIT program included much more

personal interaction between students and faculty than did the mathe-

matics course.

The results of the mathematics evaluation, comparing TICCIT
courses ta the regular classroom, and adjusting for entrance ability of
students, indicated a significant achievement effect of TICCIT over the
regular classroom, although fewer TICCIT students completed the
course within the semester than did those in the regular classroom.
Additionally, more students had favorable attitudes toward the lecture
classes than toward the TICCIT approach, although there did not

-appear to be any changes in overall attitudes toward additional learning

in mathematics.
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The results of the English evaluation also indicated a significant
achievement effect in favor of the TICCIT approach, and in this
situation, the completion rate for TICCIT was the same as for the
classroom. Additionally, there were no sngmﬁcam attitude differences
in favor of either approach. .

ETS’ responsibility in this regard was to evaluate the educational
aspects of PLATO and TICCIT, and therefore no cost compansons._ :
are available {3]. :

Does the above mean that such uses of the computer
are effective? Certainly those who have become involved
with the projects already mentioned would answer that -
question in the affirmative. Many who have studied the
subject from a more objective vantage point also agree.

Overall, a review of the literature revealed the follow-
ing consistencies:

(1) The use of CAI either improved learning or showed
no differences when compared to the traditienal classroom
approach 2, 24, 35, 42, 46, 54, 62, 66].

(2) The use of CAI reduced Iearnmg time when com-
pared to the regular classroom |15, 24, 35, 42, 60, 62,
66].

(3) The use of CAI improved student amtudes toward
the use of computers in the Iearnmg situation [15, 35, 42,
46, 62, 66].

(4) The development of CAI courseware foIIowmg
specified guidelines can result in portability and their ac-
ceptance and use by other faculty (1, 20, 36, 41}. -

© There are also some indications that low aptitude
students profit more from the use of CAI than either
average or high aptitude students [24, 66], and that
retention rates may be lower than for tradmonal means
162). -
The studies reviewed thus have shown stnkmg con-
sistencies in results, even though the type of CAI mode
used (tutorials, drill and practice, games, simulations)

has varied and the learners concerned have ranged from =

elementary school children through adults in training.
programs. One factor has remained relatively constant,

however. The bulk of the studies have concerned the use
of adjunct CAlI, in which a classroom teacher is, at the
least, available for consultation as needed. In the one
major situation of primary CAI in which entire mathe-
matics and English courses were taught through the
TICCIT system and evaluated in a controlled manner,
completion rates for the mathematics course dropped
considerably below the traditional classroom, and stu-

dent attitudes toward the CAI mathematics course were

not positive. The opposite was true for the English
course, as indicated earlier. The apparent cause of these
discrepant findings was the more significant involvement
of the English faculty with the students in the CAI
English course, as compared to the limited involvement
of the mathematics faculty with students in the mathe-
matics CAl course. Thus, by implication, primary CAI,
and distance learning in general, may achieve results
similar to those for adjunct CAI as long as there is
sufficient human interaction accompanying the use of
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The’ CAl materials. The Open University is currently
researching this problem to determine the optimum level
of human interaction necessary to produce the most
effective results for various learning situations [51}.

4. Costs

Costs account to a significant extent for the lack of
use of CAI in leamning situations, especially at the ele-
mentary/secondary level. As Kearsley [35] has pointed
. out, although CAI may be perceived as instructionally
effective, educators may be reluctant to utilize it if it is
perceived as being prohibitively expensive.

The accepred method for assessing CAI costs is to
total all expenses for computing hardware, software,
telecommunications, courseware, and implementation,
and then divide by the total number of student hours

used. However, in actual practice, many so-called “hid-

den” costs are seldom entered into the equation [6]. For
example, teriminals and line costs are frequently consid-
ered user costs and are omitted from the calculation.
Similarly, space costs, heat, electricity, etc., are often
paid by the educational institution dlrectly and thus are
not considered. Also, the life-span of courseware is sel-
dom considered, and implementation costs (staff to de-
.velop teaching guides for use of the programs, etc.) are
often ignored. Compounding this situation, educators,
who have been the major developers of CAI, are seldom
good accountants, and thus data as to actual time taken
to develop courseware often is reported inconsistently.
Cost estimates for CAI, for example, are highly variable.
Only recently have patterns been emerging which permit
comparison of costs for complex CAI on very large
computers with more simplistic programs running on
mini- or microcomputers.

"Other than hardware costs (which are rapidly dimin-
ishing), the cost of developing CAI courseware appears
to be the greatest single factor of concern. Various au-
thorities report courseware development time ranging

from 50 to 500 hours of preparation to produce one hour .

of student CAl contact time at a terminal. One hundred
hours appears to be the most widely accepted rule of
thumb (7, 42, 49, 64]. The key variables appear to be the
complexity of the programs produced and the expertise
of the individuals involved. Costs per student hour of
programs developed to date range from $.50 to $28.50
[41, 52, 61, 64, 67). ‘

In addition to development costs. other factors in the
equation must be considered. Materials running on mi-
crocomputers have been reported to have the lowest
costs. Similarly, the greater numbers of students using

the materials, the lower the per-student-hour cost re- -

ported. Thus the CUSC programs in the United King-
dom show the highest costs (apparently due to low
" usage). CAI programs running on microcomputers at the
Highline School District in Seattle [61] and those used
““by large numbers of students in the Philadelphia schools
[64] show some of the lowest costs. Thus, in addition to
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using inexpensive hardware, one major way to lower'

costs is to share courseware. »
~ Norris [50] has pointed out another appropriate fac-
tor quite often overlooked in cost studies of CAl, i.e.,

“that traditional instructional costs have been increasing

at the rate of 13 percent per year for the past three years,
while CAI costs have been decreasing at 5 percent per
year, coupled with a 10 percent improvement in perform-
ance. Therefore the cost avoidance aspect of CAI should
also be considered.

Finally, as McKenzie [41] has pointed out if our
goals are to improve the learning situation, then costs
must be set beside a qualitative assessment of educational

. change to answer the question: Is it worth the cost?

5. The Critical Issues

The critical issucs in CAI today relate to computer
hardware, CAI languages, courseware development and
sharing, and courseware implementation. Again, the ma-

jor concern is with the effects of these variables upon -

improvements in the learning situation in relation to the

" costs involved. -

5.1 Computer Hardwarc

At the current time the availability of mxcrocompu-. '

ters with their multisensory capabilities and low: costs
appears to be the technological breakthrough which may
well result in significant increases in- CAI usage at all
educational le\'els. Eisele [25] feels that an cntire new era

of educational application is at hand. Critchfield [22]

predicts that within the next ten years all educational
institutions will have one or more microcomputers, while
Matthews [43] points out that in time microcomputers
may become more commonplace in schools than some
audio-visual devices. -

A major advantage of nncrocomputers is their low
cost. A $3,000 investment is currently sufficient for a
configuration capable of providing adequate support for
CAL In addition to providing similar capabilities to
minicomputers, however, some microcomputers also per-
mit voice input and output, color displays, high resolu-
tion graphics, and text editing. Video disk enhancemems
at reasonable costs appear imminent [38]. Microcompu-
ters are essentially portable and require minimal main-
tenance. Their disadvantages are in the areas of file
handling techniques, processor capabilities, and disk ca-
pacxty Thus their strengths lie in their use for instruction
in computer languages such as Basic, applicability for
production of novel and innovative CAI materials, etc.,

while a significant weakness is in their handling of.

standard administrative data processing applications. In
this latter regard, although agreeing that microcomputers
will likely be prominent shonly on the high school scene,
Blaschke [10] has pointed out that a survey of secondary
and elementary principals indicated that financial re-

sources for purchases of microcomputers would be more.
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readily available were the microcomputers able to serve

the dual purpose of supponmg both instruction and -

admipistration.
, . The advent of the mxcrocompuxer has resulted in
heated debates concerning the relative merits of CAI
systems supported by large-scale, powerful computing
configurations as contrasted to the CAI capabilities of
the microcomputers. Bitzer has amply championed the
cause of the large-scale CAI systems such as PLATO,
while Bork has spoken strongly in favor of the microcom-
puter approach. Both have recently softened their
stances, however-—Bitzer by developing the means
whereby PLATO materials may be downloaded and run
on a microcomputer, although still requiring the large
computing capability for authoring [64]. Bork, con-
versely, seeing the need for students to communicate
with one another, now envisions the possibility of a
distributed environment, especially for development
[12}.

~Returning once more to lht. topic of adjunct CAl and-
pnmary CALl, it would appear that microcomputers may
well provide both the adequate technology and the low
cost which, in a distributed network environment, will
permit wide-scale use for both types of CAI worldwide.
This seems especially likely if microcomputer cost/per-
formance ratios continue to improve as predicted.

Licklider [38], for example, has estimated that by
1988, owing to technological advances, $500 worth of
computing equipment could provide a 1-microsecond,
32-bit machine with 32,000 words of fast memory plus
console or secondary memory. This type of equipment,
with satellite communication in a distributed environ-
ment, and with the central machine used for authoring
and communications, might well support the type of
distance learning envxsnoned by the Opcn University.

5.2 CAI Languages

CAI languages developed specifically for high-level,
complex, interactive use include Coursewriter, developed
by IBM; Tutor, developed for PLATO and now mar-

- keted by Control Data Corporation; ASET (Author Sys-

tem for Education ahd- ~Training), developed and mar-
keted by UNIVAC; and CAN, developed and marketed
by the Ontario Institute for Studies in Education. All
systems provide authoring aids, calculation capabilities,

- and varying levels of graphics commands. However, they

are all machine dependent except CAN, which will

function on computers from several major vendors and

which is now being prepared for use on a mxcrocomputer
[53}.

In a different vein, a number of other languages have
been used extensively for CAI, owing to some extent to
the ease of learning to use them (although they do not
have CAl authoring aids). These languages include
Basic, APL, Fortran, and Pascal. Each has unique
features which appeal to different authors. It is interest-
ing to note that Kearsley [34] in a study of CAI languages
found that the emphasis shifted from the use of
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Coursewriter and Tutor in 1970, to APL, Tutor and
Basic in 1976. Since Basic is the predominant microcom-
puter language, it is likely to continue to gain in usage
for CAI deve!opment

The critical issue indicated in the above, however, is
that there is no standard, high-level, complex CAI lan- -
guage which is machine independent, and which com-
bines authoring aids, calculational mode, and graphics * -
capabilities. This is currently one of the major impedi-
ments to the widespread use of CAI to support the
learning process. Although the possibility of language
independence (i.e., the ability to translate automatically
from one language to another and thus to achieve port-
abxhty) has been discussed for some time, such software
is not now avaxlable

5.3 Courseware Development and Shanng

The single most critical issue in CAI today is the
development and sharing of quality CAI materials. The
majority of CAI courseware currently available is of the
adjunct type, developed by individual faculty members
for specific purposes. It has largely been written in a
machine dependent language and is undocumented.

: Thus the available courseware is difficult to share and,
" in many cases, protected by copyright if of significant

value. In “The ABC’s of CAI” project [1] over 4,000
CAI programs written in Basic were reviewed, and about
3-4 percent were found acceptable by faculty in the
ficlds concerned. To permit sharing of these programs,
restricted Basic standards had to be developed and pro-
grams restructured at an average cost of 100 hours per
program.

In regard to authoring, the authors are in agreement
with Alfred Bork that “The notion that computer-based
materials can be produced by anybody, completely by
themselves, is an archaic concept” {11, p. 20]. This
concept has also been reiterated by Dean [23]), who
believes the team approach, using at least three faculty

. members a programmer, and an instructional desngner,

has the best chance of developing courseware of high

- caliber which will be acceptable to the greatest number N

of faculty and students. Howe and du Boulay [33},
although not arguing for or against teams, do caution
that we not repeat our previous mistakes, and they pomt
out that learning principles should be recognized in the
dévelopment of future CAI programs.

The team approach and specific learning strategies

- were used in the preparation of TICCIT materials, while

a more singular faculty member approach was used with
the PLATO system. As indicated earlier, although stu-
dent attitudes were generally more favorable toward
PLATO, the most significant learning gains over the
traditional classroom approach occurred with TICCIT.

Perhaps a more basic question than the individual
versus team approach to development, however, centers
around the question of faculty motivation to develop and
share materials. Both Hawkins [29] and Sprecher and
Chambers [63]. in broad-based studies, found that direct
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ﬁnanc;al reward was not a primary motivator. Kather, |

tite traditional rewards for the scholarly life appeared to
be-the goals. Thus, recognition and acceptance by one’s
peers for courseware development and sharing of such
materials, release time, and acceptance of courseware
development by peers and by administrators as equiva-
lent to research publications for promotion and tenure,
appeared important as means to resolve the incentive
question.

5.4 Courseware Implementation
Until recentiy, those concerned with facilitating the

“use of compuiers in the curriculum were content to offer

seminars on “How to Program,” and the like. With the
probability of widespread CAI usage at all educational
levels, however, a great deal more attention will need to
be paid to the question of how best to integrate the CAI
materials into the curriculum. Otherwise, as preliminary
data indicate, CAl materials will be used as add-ons,

with little regard to their effecnveness in the total learn- -

ing environmeunt.
The CUSC staff at the University of Surrey identified

_ courseware transfer and implementation as major goals
of the British NIDPCAL project. To achieve these goals,

the programs were developed by teams from two or more
educational institutions. The programs were all student-

-tested a number of times, and written student guides

were prepared for use with each CAI package.
Although transfer goals were realized, the ability to
rewrite student guides effectively had to be transferred
since faculty tended to reject the original student guides
which accompanied the transfer of the programs. The

~ transfer was achieved by including in the documentation

copies of all student guides that had been developed and

thoroughly tested. In addition, a teacher’s guide was also,

included which outlined the rationale behind the guides,
as well as possible uses of the computer program.
Thus, in regard to both adjunct and primary CAJ,

- some type of personal support and written materials

from teacher, advisor, ¢tc., appears necessary in order to

achieve maximal benefits. Decisions will be required, «

especially in regard to primary CAI and distance learn-
ing, as to the frequency and amount of personal contact
and supporting materials which most facilitate learning
in these situations.

6. The Future of CAI

6.1 Early Predictions »

In the early "70s several studies were made of the
future educational technology in general, and CAI in
particular, with 1980 to 2000 as the target prediction
dates. The most well-known of these studies was pub-
lished by the Camegie Commission [16]. In this study
the Commission predicted both widespread acceptance

-of educational technology by 1980 and the availability

of a large quantity of quality courseware. Further, they
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engaged in creatmg and developing instructional mate-
rials on the nation’s campuses would have emerged. As
indicated throughout this paper, however, widespread
acceptance and use of CAI has not yet occurred. :
Two other studies also independently predicted sig-
nificant increases in the use of CAl in higher education.
The first used community college representa'tives and
persons from computer-related industries active in CAI -
(40). The other study was based on faculty response from
the nineteen-campus California State University and

' Colleges [4]. The Luskin study [40] predicted that the

major obstacles to the use of CAI would be resolved by
1987, resulting in general’ acceptance and use of CAl in
higher education by that time. Ames in turn {4] found
the CSUC faculty predicting a 270 percent increase in
CAI usage from 1976 to 1980. Although the accuracy of
the Luskin study predictions: cannot yet be assessed,
personal observations by the authors of the use of CAI
within the CSUC system indicates increased usage, but
probably not to the extent predicted in the Ames study. -

6.2 Predictions, 1980 to 1990 : :
Resulting in part from the failure of current usage to
match past predictions, predictions of the future of CAl:
have become guardedly optimistic. Most writers agree
that technological (hardware) barriers are largely re-
solved or will be in the very near future, and further,
that cost reductions due to mass production and con-
sumption for home entertainment and learning will per-
mit cost-effective uses of CAl in both the traditional

" classroom and in other settings [5, 9, 13, 14, 30, 38, 50].

This cost-effective technology will include large-scale

~ mini- and microcomputers with voice input and output,

interactive television, video disk systems, and satellite
communication. .
There is also general agreement that computers
linked with video disks on the one hand, or communi-
cation satellites on the other, will play significant roles’ -
in nontraditional educational practices resulting in a
revolution in courses and learning. Luehrmann [39], for™
example, sees the use of video drsk-based learning ma-
terials, purchased or leased outside the usual educational
framework and used on the home TV set, as possibly
playing a significant role in learning in the future. He
sees lrttle chanoe in the United States in the next ten
years in regard to the roles played by broadcast or cable
TV. :
Atkinson [5], Bunderson [14], Hirschbuhl [30], and
Norris [50], on the other hand, envision nationally or
internationally distributed networks with large, shared -
databases. The individual could then use video disk
materials on stand-alone microcomputers or through the
network, access larger databases as needed, communicate
with other persons, and the like. Norris spells this out in
some detail, envisioning international networks of learn-
ing centers with CAl as the main delivery system using
video disks, audio input and output, and touch input. He

Communications June 1980
of Volume 23
the ACM Number 6

Forem e e




Approved For Release 2007/07/17 : CIA-RDP86B00689R000300040021-1

foresees these centers as providing direct learning expe-
riences for individuals or providing sales of developed
materials to educational institutions, to industries for
training purposes, etc.

Futurists are in most disagreement, howcver as to
the role CAI will play in traditional educational institu-
tions, especially in situations in which academic credit is

“granted. As opposed to the views of Luskin [40], Norris

[50), Atkinson [5], and others who see CAI as playing
major roles in education, both Luerhmann [39] and
Charp [19] see matters remaining much the same over
the next ten yeass in the traditional educational setting,
Both, however, f{oresee the increased use of CAI for
instruction in the basic skills for areas of reading and
mathematics, especially in work not involving academic
credit. v

Licklider [38] also points out the inherent dangers in
the widespread use of technology for education. Chief
among these concerns are the possibilities that computers
will be used to emphasize facts over concepts and prin-
ciples, and that they will be used to condition acceptance
of political doctrines, dictate personal philosophies, etc.
Although most other writers have not dealt with these
problems, they are matters of concern if CAI becomes as
widespread in its use as predicted.

7. Conclusions and Recoinmendations

A heavily academic background is drawn upon to
offer conclusions as to the currrent state of the art in
CAIL Recommendations are made as to profitable
courses of action to follow to help achieve the most
educationally cost-effective use of CAL -

7.1 Conclusions
(1) The expectations of the early *60s in regard to
widespread use of CAI in education by 1980 have not

been met. However, with recent advances in cost-effec- .
tive CAl uses as exemplified through the microcomputer, .
rapid increases in future CAI use in the learning situation .

are foreseen.

(2) The greatest number of advances in adjunct CAI
have been made in the United States. This trend is likely
to continue with increasing usage throughout the United
States—both in the traditional educational systems
(higher, secondary, and elementary, in that order), and
in geographically distributed learning centers.

(3) The greatest number of advances in primary CAI
and distance learning have been made in England via
the Open University. This trend is predicted to continue
throughout at least the first half of the '80s, with CAI
usage via satellite spreading to the developing countries.

(4) The private sector in the United States will re-
solve technological (hardware) problems connected with
CAT early in the ’80s. By the mid-’80s computers in
general, video disks, and satellite communication will be
cost-effective for both traditional and home learning.

340

(5) The problems of compatibility and portabxmy of
languages, standard documentation procedures for
courseware, etc., will not be resolved by the private sector
and therefore must be addressed elsewhere. '

(6) The critical issues in the CAI field today which
will continue to plague users throughout at least a major
part of the "80s relate to the development, evaluation, - -
sharing, and implementation of quality instructional
courseware.

7.2 Recommendations

In light of the analyses of the CAI situation world-
wide, the authors recommend the following in reference
to the use of CAl in the United States.

(1) A nationwide, standard high-level CAI language .

should be developed for complex CAI development which
incorporates authoring aides, computational capability,
graphics capability, multisensory input/output comrols
and prescribed documentation standards.

This approach should build, as much as possxble
upon existing frequently used CAI languages, should be
as simple to use as possible, and should be capable of
running on large, mini-, and microcomputers. Impetus
for this development should come from the educational
sector, perhaps incorporating a cooperative venture with .
the private sector. Initial efforts should be funded by the
federal government, since such a development would .
clearly be in the national interest.

CATI authors could then use the language which most
meets their needs. Thus, simplistic CAl program devel-
opment could continue as in the past, with authors using
languages such as Basic, APL, etc., while those desiring °
to develop complex, yet portable, programs could make
use of the new standard CAI language.

(2) Development of quality, creative, transportable
CAI materials of the adjunct type should be encouraged.. .

Adjunct CAI materials, being mainly of short dura-

- tion and thus not requiring long-term commitment and

extensive funding, can be accomplished by individual
faculty or teams of faculty (who have expertise in these
activities) supported by assistants to provide program--
ming support. To provide motivation for faculty to en-

‘gage in these activities, and to provide incentive to

identify topics and objectives that are both broad and
important to the field, educational institutions are en-
couraged to look to the established institutional model

- for rewarding professional accomplishments. Thus, the

provision of faculty release time on a competitive basis,
recognition by other faculty and administrators that
courseware development is an acceptable and laudatory
activity, availability of training programs in the area,
and acceptance of peer-reviewed and published course-
ware as equivalents to published research in promotion
and tenure decisions, may well help move faculty toward
the development of quality creative adjunct CAI mate-
rials.

The state and federal governments, in turn, can stim-
ulate such development by funding faculty release time
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both for courseware development training and for actual
time spent developing such materials. In addition, federal
funding could be most beneficial for programs designed
to change campus attitudes in directions more favorable
to courseware development.

Finally, private enterprise could proﬁt through joint
arrangements with faculty for the development of CAI
materials which could be useful both in the traditional
classroom and in nontraditional learning centers, indus-
trial training programs, etc.

(3) Development of quality, creative, transportable )
‘CAI materials of the prrmar) type should be encour-

aged. :
Since prmmry CAl matenals are usually lengthy,
requiring extensive time commitments and heavy fund-
ing for developrent, they could profit from joint ven-

tures by educators, government, and the private sector. »

The private sector might well take the lead in these
ventures; déveloped materials could be used initially in
learning ceuters, and secondarily -in traditional educa-

tional settings. As long as educators fill appropriate roles

as subject matter and learning theory specialists, and as
long as the materials are peer—revxewed and evaluated by
faculty and students, the results should be of high quality
and should be considered academically respectable.

(4) Evaluation and sharing of quality courseware
should be emphasized.

Educational consortia, as well as committees within
the professicnal associations of academic disciplines,
should be formed to provide peer evaluation, publica-
tion, and distribution of CAI materials. In this way,
quality courseware will be recognized and distributed,
and the recessary professional status will be brought to
courseware development so that it will be acceptable as
a professional accomplishment in promotion and tenure
decisions on the campuses. Again, development in this
area should be built upon exxstmg sources; however,
additional vnes will be needed.

The federal government and the private sector, at

this stage, can both profitably play the role of funding
agencies for these ventures. Initial efforts, if they are to
be acceptable to the academic community (at least in
regard to peer evaluation), must come from within its
own ranks.

(5) Appropriate use of CAI materials in the learning
situation should be studied and implemented.

The use of CAI materials to facilitate learning is an
entirely different problem from the development, eval-
uation, and sharing of such materials. Unfortunately,
these problems have been intermixed, and this has re-

sulted, at times, in the misuse of CAI materials. To

alleviate this condition, educational institutions need to

provide release time for their faculties in order that the

problem may be researched. On the basis of such studies,
courses should be introduced so that students preparing
for a teaching career at any level would be provided with
a minimal background with which to implement the use
of CAI as a learning tool.

N
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such studies as well as release time for the development

. United States still maintains a leadership role in CAl,

communicated worldwide.

Federal and state governments, 1n mm, SUOBIU tunu g

of courses indicated above. .

(6) Distance learning experiments should be imple-
mented. ;

The development of a model for distance learning in
the United States might well be a joint venture of the ]
educational sector, private sector, and the federal gov-
ernment. Impetus could come from education, with fund-
ing from the private sector and the federal government. -
The initial model, perhaps organized as a branch campus
of a major university or university system with consul-
tation from the Open University, could experiment with
primary CALI, satellite communications, microcomputers,
level of human interaction required for effective learning,
and the like. Although the United States would not be
likely to accept one Open University for the cntire

~ country, this proposed model could permit in-house

development of some of the materials and prototype
technological and organizational schema, which could
then serve as guidelines for other developments both
within the country and internationally.

(7) Finally, communication of worldwzde CAI deveI-
opments should be enhanced. :

As indicated throughout this paper, although the

important activities are occurring outside the country. At
this stage of development, it is particularly important to
all concerned that scientific knowledge in this area be
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Wiien 200 of the 538 Walbrook High
School seniors failed City of Baltimore
mathematics and/or reading proficiency
tests mandatory for' the first time for
" graduation, we raalized that we needed
a quick uand effective solution to this
problem. We decided to re-educate the
students . with o concentroted,
computer-based skills lzarning program.
_ The net result: In 60 days, the PLATO
-system, _as it is -colled, accomplished
vthat the schools had failed 1o achiave in
- 12 years. All but nine seniors passad the
mandatory tests.

Although we have used the PLATO sys-
tem at ‘Walbrook for more than five
years, including a small pilot oparation,
we have only 12 terminals. Many of the
seniors who failed the tests previously
hadn’t had access to the computer-based
‘educotion system. If we had our
“druthers,” we would have 100 terminals
because a large number of students entar
Walbeook High, on inner-city school,
with reading and math skills below the
sixih~grqde lovel. The staff of just 110

-teachsrs has only three years to work
with 2,500 pupils. -

Fortunately, though, 90 percent of the
students chosen for the PLATO program

" increase their achizvement levels, Young-

sters ut both ends of tha learning spec-
frum have advanced as many s three
grades within a single school year. Be-
cause of those results, we opply the
PLATO system, developed by Control
Data Corporation (CDC), Minneapolis,
as much os possible.

More than 200 students currently are
taking basic skills, about half of them in
mothematics and  half in  reading.

“Another 60 are in foreign language clas-
ses, and we have a smaitering of gifted
youngsters taking subjects not usually

By Anne O. Emery, Ph.D.
. Principal- -

Walbrooe( High School
Balhmore, Md.

taught ot Walbrook.

Altogether, about 125 children re- .

ceive PLATO instruction doily, wusually

spending half of a 50-minute periodata”
terminal, lecrning a skill, and the other

25 minutes in a more conventional
teacher-classroom session, learnmg how
to apply the skills.

Our stoff recommends students for the
PLATO program; department heads give

approval. Seniors needing remediation -

have prierity. Based on information from
a pre-test taken by a chilid at a terminal,

. the PLATO computer in Minneapolis then

suggesis where the student should be
placed in the curriculum and which in-
structional material should be utilized. A

yeungster ‘usually spends one semester

on the system,

Getting students to use the terminals is
no problem. They are at them ot the be-.

ginning of the day; we have to chase
them away in the afternoon; ond they

would come in on Saturdays if the school -
were open. During a recent breck-in, .

vandals extenively damaged Walbrook
High. Significantly, the PLATO fermmals
were untouched.
Moreover, some parents have moved

‘into the Walbrook district so their chil-

dren, both who are gifted and those
needing remediation could take cdvan-
tage of the PLATO sytem.
Computer-based education is just one
of several approaches we use to motivate
our children. But it is one of the most
effective because the PLATO terminals
provide an individualized, self-poced
training environment in which the student
competes only against himseif or herself,
eliminating unnecessary peer pressure
ond embarrossinent. This defuses the
hostility found in a child who has experi-
enced a lock of suecess in the post and

onticipates a lack of it in the future. -
Each unit within the PLATO Basic
Skills curriculum has one or more objec-

tives which the student must master be- -

fore he or she can move on to another
unit. The beginning units have several
simple objettives; as the student progres-
ses, the objectives become more com-
plex. However, the student may repeat
oll activities in g unit as many times as
necessary to master o given objactive..
And no one, not even other sfudents

_ working at terminals alongside, is aware

of how long it takes.

By presenting material in small incre-
ments, the PLATO method enables the
student to build a history of successes. It
encourages him with immedicte feed--
back, impossible in a convention class-
room system. This reinforces and sup-

. ports the successes and mofivates the

student. to work harder because he sees
that he can learn. By contrast, the con-'
ventional learning approach may toke so
fong that the child is turned off and quits
trying.

Student interest remains high while the
child receives. PLATO instruction, giving
thanks, in part, to course content,
dynamic, animated cartoon displays and

" to the “interactive” nature of the presen-

tation. The students respond by simply

. touching the terminal’s screen or keying-
" in dota. They can even choose paths of

instruction, thereby gaining greater con-
trol of their on learning environments.
As the youngster’s successes move him
on to more complex subject matter, hex
continually is encouraged by the system’s
displayed commants. “Superior work,

‘Charles,” the screen may flash, or “Ter-

rific,” “Right on.” And if the student
makes a mistcke, the system tells him
gently, “Let’s try again, Charles,” and

~
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them in a positive or gentlie mannsar,

gives a hmf to help him wlong.

The PLATO sytem provides the type of
individual remediation that most teachers
in typacnl classroom situations simply
cannot give. It stores data on each
student’s progress, which allows the
teacher to evaluate the child’s efforts.

For example, it a youngster is spend-
ing too much time on the tutorial ospects,
the teacher can surmise that he or she is
having a problem determining the tusk or

 interpreting the reading matter, which

requires only a thirdgrade reoding
level. At that point, the teacher will

-spend more time with the student. With

half of the average basic skills class on
‘the terminals . at any one time, the
teacher has more time 1o work wnh stu-
dents.

PLATO's purpose is fo assist our staff,
not replace it. In fact, without PLATO

. computer-based education, we’s have
“lost our entire Latin program dve to

budget cuts. One teacher, Mrs. Nicole
Harryman, instructs both French and
Latin with the aid of the system and has

written programs for it, mostly vocabu- -

lary for tronslations. Similarly, Melvin
Lee Johnson, a mathematics teacher, has
developed a consumer mathematics les-
son, entitled “100 Basic Moth Facts,”
which is a time drill with answers for sets

- of problems- in addition, subtraction,

multiplication and division.
Our other mothematics teacher,
Robert J. Wise, helped CDC with some

. SeptemberlOctober 1980

of the Basic Skills programming. How-
ever, the Basic Skills Learning System
was designed and developed primorily
by a group of educatars directed by Dr.
Peter Rizza, an educational consultant to
Control Data Corporation.

The Basic Mathematics Skills course
includes number concepts; arithmetic op-
erations involving numbers, fractions and
decimals; and special applications topics
involving ratio, ‘proportion, percent,
geometry and measurement. The Basic
Reading Skills course.includes fundamen-
tals of word structure; fundamental voc-
abulary development; and basic com-
prehensive skills. Also available, but not
currently used at Walbrook, is a Basic
Language Skills cours which includes lan-
guage structure and word usage; sen-

tence and paragraph structure;  and

mechanics and conventions in writing.
Personally, we favor the City of

- Baltimore’s basic skills examinations. We

want our students to -be well-equipped,

‘whether they go out into the world of

work or on to college as 60 percent of
them do — a figure 20 to 30 percent
higher than the national average for pub-
lic high school graduates. Basic skills are
important to these youths so that the col-
leges don’t become “revolving doors” for
them. We want our students to stay there
and succeed, notsjust be.taken in to meet
a “black quota,” and then disappear
after o semester or twa.

We offer four curricula at Walbrook:

'

.college. prep, job prep, honors and
experience-based caresr education. We
also offer 14 majors. Every child has one
and must complete a certain sequence of
courses, fotaling 24 Carnegie Units, to
receive a major’s diploma, as more thon
50 percent of our students do,

The State of Maryland requires only
20 Carnegie Units to graduate. i
The PLATO system has benefited hon-
~ ors students, who can use the terminals -

"unsupervised to expand their oppor-
tunities in higher mathematics, science
and foreign languages. For instance, one -
gifted student studies mgonomeh-y, not
usually offerd at Walkrook, via the ter-
minals. He is now doing mathematics gt
the college level and has been accepted
at Massachusetts Institute of Technology.
Qur career education curriculum hos
proven to be an effective motivator, too.
It offers specialized programs that help
the child learn dec:svon-makmg, career
exploration and career chaice in fields
such as communications, arts, dance, -
drama and music. On the fourth Sunday
each month we have a career seminor in
which the students meet leaders from
government, education and business.
Many of our social activities also en~
courage academic progress. Typically,
all honor roll students get a free evening
at the most popular disco in town. And
our students make extensive trips, some
to Euvrope. These are available to
continued an page 36
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CalComp :
2411 West La Palmo Avenue
-~ Anaheim, CA. 92801 : :
‘Model 1055 Drum Plotter
.Conch{ Jim ‘waltz 714/821-2011

Cardkey Systeins

20339 Mordhoff St.

Chatsworth CA 91311

Access Control System

Contact: Mike Grimes 213/882-8111

Charter Data Products
Bannock Burn Executive Plaza
2275 Hole Bay Raad
Bonnockburn, IL 60015
Checkmate Remittance
- Processing System

Contact: Morris Frydman 312/948-8250.

Chromatics Inc.

3923 Ockeliff Industrial Court
Atlanta, GA 30340

Color Graphic Computers
-~ Contacti Donald K. McKinney

- 404/447-8797

Florida Computer Systems
“P.O. Box 44
" Winter Purk, FL 32790
OASIS fMass Appraisal Systems
Contact: David Moreton
305/646-1144 -

Houston Instrument
One Houston Square

" Austin, TX. 78753
" HIPLOT — family of dlglfal plot-

ters.
Contact: Gubne"e C. Ryan, 512/837-
2820 S

Lexitron Corpo‘raﬁon
9600 DeSotto Ave.
Chatsworth CA 91311

VT 1000 Word Processnhg

Systems
Contact: Marcia Powell 213/882-5040

Litton Computer Services
1831 Michael Faraday Drive
Reston, VA 22090 -
Computer Services
Contact: James Harrington,
703/471-9200 ‘

NB Jackets

54-18 37th Ave.

Woodside, NY 11377

Microfilm jacket file system
Contact: Ed Keane 212/672-9000

Paradyne Corporation

P.0. Box 1347

Largo, FL 33540

Pixnet Communications Network
Contact: Evelyn MacDonald,

Govt. Mgr. 813/536-4771

Tektronix, Inc.

P.O. Box 500

Beaverion, OR 97077 o
Computer Graphics Terminals
Contact: Lee Blazer 503/682-3411

Teletype Corporuhon
5555 Touhy Avenue
Skokie, iL 60076
Tempest Terminals -
312/982-2000

Terminal Data Corporahon

21221 Oxnard Street '
Woodland Hills, CA 91367
Documate 11/Intelmate 1010
Contact: Sam Greene 213/887.-4900

3M Company

St. Paul, Minn. 55105 .
Compufer-Output-Mlcroﬁlm o
systems,

sale, services and supplies. |
Contact: A. X Robbins, 612/733-1110

Zeta Research

2300 Stanwell Drive

Concord, CA 94520

Zeta 6300 plotting system
Contact: Gary Hasenfus 415/671-0600

EDP For ABO’s

continued from page 31
academically successful children and cer-
tainly help them learn.

Swgmﬁcunﬂy, the PLATO experience
has shown that the dichotomy is not al-
ways that great between youths needing
remediation and the gifted. As an exam-

ple, John L. Martin, now a senior, was -

referred to the PLATO system as a failing
student a couple of years ago. He is now
an outstanding scholar, studying compu-
ter programming, helping develop prog-
rams and assisting CDC representatives
in demonstrating the Basic Skills prog-
rams to educators in other cities.

__ At Walbrook High School we use
many means to challenge students and
motivate them to achieve here so they

_can meet the challenges of college
andfor the world of work. The PLATO

36

system is just one of those means, and it
has been uniquely successful in helping

. students make quantum strides in basic

mathematics and reading. Mastering
those vital areas is essential if our young
people are going to succeed in life, no

‘motter what yardstick we use for success.
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THOMAS COMPUTER CORP.
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